Unique brain region-dependent cytokine signatures after prolonged hypothermic cardiac arrest in rats.
We previously showed that prolonged cardiac arrest (CA) produces neuronal death with microglial proliferation. Microglial proliferation, but not neuronal death, was attenuated by deeper hypothermia. Microglia are reportedly a major source of cytokines. In this study, we tested the hypotheses that (1) CA will result in highly specific regional and temporal increases in brain cytokines; and (2) these increases will be attenuated by deep hypothermia. Adult male Sprague-Dawley rats were subjected to rapid exsanguination. After 6 minutes of normothermic no-flow, different levels of hypothermia were induced by either ice-cold (IC) or room-temperature (RT) aortic flush. After 20 minutes CA, rats were resuscitated with cardiopulmonary bypass (CPB), and sacrificed at 6 or 24 hours. Rats subjected to CPB only (without CA) and shams (no CPB or CA) served as controls (n=6 per group). Cytokines were analyzed in cerebellum, cortex, hippocampus, and striatum. Immunofluorescence was used to identify cell types associated with individual cytokines. Intra-CA temperature was lower after IC versus RT flush (21°C vs. 28°C, p<0.05). At 6 hours, striatum showed a massive increase in interleukin (IL)-1α and tumor necrosis factor-alpha (TNF-α) (>100-fold higher than in hippocampus), which was attenuated by deeper hypothermia in the IC versus RT group. In contrast, IL-12 was 50-fold higher in hippocampus versus striatum. At 24 hours, cytokines decreased. In striatum, IL-1α colocalized with astrocytes while TNF-α colocalized with neurons. In hippocampus, IL-12 colocalized with hippocampal hilar neurons, the only region where neuronal degeneration was observed at 24 hours at both IC and RT groups. We report important temporo-spatial differences in the brain cytokine response to hypothermic CA, with a novel role of striatum. Astrocytes and neurons, but not microglia colocalized with individual cytokines. Hypothermia showed protective effects. These neuroinflammatory reactions precede neuronal death. New therapeutic strategies may need to target early regional neuroinflammation.